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ABSTRACT
Introduction Not all factors that predict persistent 
pain and disability following whiplash injury are known. 
In particular, few physical factors, such as changes in 
movement and muscle behaviour, have been investigated. 
The aim of this study is to identify predictive factors that 
are associated with the development of persistent pain 
and disability following a whiplash injury by combining 
contemporary measures of physical function together 
with established psychological and pain- related predictive 
factors.
Methods and analysis A prospective observational 
study will recruit 150 consecutive eligible patients 
experiencing whiplash- related symptoms, admitted to 
a private physiotherapy clinic in Spain within 15 days 
of their whiplash injury. Poor outcome will be measured 
using the Neck Disability Index (NDI), defined as an NDI 
score of 30% or greater at 6 months post injury. Candidate 
predictors, including demographic characteristics, 
injury characteristics, pain characteristics, self- reported 
psychosocial factors and physical factors, will be collected 
at baseline (within 15 days of inception). Regression 
analyses will be performed to identify factors that are 
associated with persistent neck pain and disability over the 
study period.
Ethics and dissemination The project has been 
approved by the Ethics Committee of the province of 
Malaga, Spain (#30052019). The results of this study will 
be published in peer- reviewed journals.
INTRODUCTION
The term ‘whiplash’ refers to an acceleration- 
deceleration motion of the neck, most 
commonly following a motor vehicle collision, 
that can result in tissue injury.1 Following whip-
lash, individuals may develop a variety of clin-
ical signs and symptoms, collectively termed 
whiplash- associated disorders (WADs).1 Soft 
tissue damage has been detected in some 
individuals with WAD; however, this has not 
been linked to the progression of symp-
toms.2–4 WAD is associated with a significant 
socioeconomic burden;5; the cost to the UK 
economy is ~£3 billion per year.6 This burden 
is primarily acquired by those developing 
chronic, long- term symptoms and half of 
those with WAD continue to report neck pain 
at least 1 year after the injury.7 This highlights 
the importance of early identification (ID) 
of features associated with ongoing pain and 
disability; this would facilitate personalised 
treatment approaches to mitigate the risk 
associated with the development of chronic 
WAD.8
High- quality evidence has shown higher 
pain and disability immediately post injury 
to be the most consistent factor predicting 
longer- term pain and disability.9 10 Studies have 
examined other factors that might predict the 
development of ongoing pain following whip-
lash covering all three elements of the biopsy-
chosocial model: demographic factors,7 11–14 
pre- existing comorbidities,11 13 14 collision 
factors,7 11–13 15–18 physical factors,14 19–24 radio-
logical changes,2 25–30 societal factors31 and 
psychological factors.7 32 33 Yet, there is 
Strengths and limitations of this study
 ► This protocol describes, a priori, the methods and 
analysis of identifying predictors of persistent pain 
and disability following a whiplash injury.
 ► Specific physical measures together with estab-
lished self- reported measures will be captured with-
in 15 days of inception.
 ► Candidate predictors are selected using a combi-
nation of best available knowledge and theory, and 
their applicability in clinical practice.
 ► Trajectories of self- reported pain and disability will 
be recorded over the 12- month study period.
 ► Physical measures will not be measured throughout 
the course of the study.
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controversial evidence concerning the predictive ability 
of other factors including: general psychological distress, 
depression, previous neck pain, gender and the use of a 
seatbelt at the time of the collision.9 14 32 34 35 This illus-
trates an incomplete picture regarding the predictive 
factors for recovery versus ongoing pain in WAD.
There has been little investigation of the predictive 
utility of physical factors following whiplash injury; of the 
studies conducted, measures of physical function have 
been limited to measures such as range of motion19 20 36 37 
and craniocervical flexion test performance.38 39 Yet, phys-
ical factors may offer potential to improve prediction accu-
racy. For example, there is a wealth of evidence describing 
changes in movement and muscle behaviour.40–42 
Decreased maximum angular velocity of neck movements 
has been observed in individuals with chronic WAD when 
compared with healthy individuals.40 Such changes in 
movement behaviour have been confirmed in individ-
uals with WAD and insidious neck pain, where lower peak 
velocity was observed in both groups.41 In addition, a 
significantly larger Jerk Index (measure of the smooth-
ness of neck movement) has been reported in individuals 
with chronic neck pain of both insidious and traumatic 
onset, when compared with asymptomatic individuals.41 
Another feature reported in those with chronic neck pain 
is increased coactivation of the neck flexors and exten-
sors,42 which is associated with reduced neck strength.42 
These additional features have not been investigated 
in individuals with acute WAD, but results from experi-
mental pain studies suggest these adaptations occur soon 
after pain onset and may, therefore, have relevance for 
ongoing symptoms in individuals with chronic WAD.43–50
A number of methodological limitations of previously 
published studies in the field of WAD prognosis have 
been identified. For instance, a review conducted by 
Walton et al10 found that many predictors have conflicting 
results.11 12 32 Inconsistent outcome measures have previ-
ously been used by to define recovery in WAD,51 with a 
different definition of recovery used in each study.7 52 
Other reasons for inconsistency can be attributed to poor 
reporting11 53 and the inclusion of subjects from different 
settings and at different inception points. Another recent 
review found controversial evidence with regards to which 
demographic factors, prior pain and psychological factors 
are associated with the transition to chronic WAD.9
Collectively, these limitations impact on our under-
standing of factors associated with the transition to 
chronic WAD following a whiplash injury and highlight 
the need for an adequately powered, methodologically 
robust observational study to provide useful predictive 
estimates. Such knowledge could lead to the develop-
ment of a new clinical care pathway that matches early 
interventions to risk factors for poor recovery.
Aims of study
The aim of the study is to identify factors soon after a 
whiplash injury that predict the occurrence of persistent 
pain and disability 6 months later. We will include a broad 
range of candidate predictors, including measures of 
physical function with self- reported measures of pain, 
disability and established psychological constructs.
METHODS
Study design
The study will be a prospective observational design. This 
protocol has been developed in accordance with guide-
lines from the Standard Protocol Items: Recommenda-
tions for Interventional Trials (SPIRIT) 2013 statement,54 
the Transparent Reporting of a Multivariable Prediction 
Model for Individual Prognosis Or Diagnosis (TRIPOD) 
statement,55 the Quality In Prognosis Studies (QUIPS) 
tool,56 the CHecklist for critical Appraisal and data 
extraction for systematic Reviews of prediction Model-
ling Studies (CHARMS)57 and the PROGnosis RESearch 
Strategy (PROGRESS) framework.58
Participants
We aim to recruit 150 individuals presenting to a private 
physiotherapy clinic in Malaga, Spain, with symptoms 
attributed to a recent (within the previous 15 days) whip-
lash injury. Consecutive eligible individuals will be invited 
to participate in the study for a follow- up period of 12 
months until this target is achieved. Study recruitment 
will commence on November 2019 and will be completed 
by November 2020.
Eligibility criteria
Inclusion criteria: Adults aged 18 years or older, who 
are experiencing acute neck pain with or without other 
whiplash- related symptoms such as headache, upper 
limb symptoms or dizziness59 following a whiplash injury, 
attributed to a recent (previous 15 days) motor vehicle 
collision or sports injury. An ability to understand written 
and verbal Spanish language is also necessary.
Exclusion criteria: Individuals who experienced cervical 
spine fractures or dislocations during or since their whip-
lash injury (WAD grade IV),1 loss of consciousness during 
or since their whiplash injury60 or have ever received neck 
surgery61 will be excluded from participation. Individuals 
with malignant spinal disorders, mental disorders62 63 or 
regular use of analgesic medication prior to the injury 
due to chronic pain will also be excluded.
Recruitment
Participants will be recruited from a single private phys-
iotherapy clinic in Malaga, Spain. Based on feasibility 
data (clinical records), we estimate that at least 300 
eligible individuals will be eligible for recruitment over a 
12- month period, and that at least 50% can be expected 
to consent to participation.
We will recruit eligible patients within 15 days of 
their whiplash injury. One designated physiothera-
pist working at the physiotherapy clinic will manually 
check electronic clinical records of all consecutive 
patients attending the clinic. Once an eligible patient 
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is identified at the clinic, the designated clinic phys-
iotherapist will contact the patient to invite them to 
participate in the study; this invitation will be done 
either in- person at the clinic after the first treatment 
session or via telephone after patients have returned 
home from their clinic appointment. A verbal and 
written description of the study will be provided 
during the invitation. Those patients interested in 
participation will be invited to attend an initial study 
session at the physiotherapy clinic. At this session, the 
researcher will again explain the study design and 
context, patients will be given a detailed information 
sheet and written informed consent will be sought. 
The English version of the consent form is provided 
in the online supplemental file. Once recruited, 
participants (figure 1) will be asked to complete a 
baseline self- reported questionnaire, after which phys-
ical data will be collected (table 1). Participants will 
be informed that they can withdraw from the study at 
any time, without having to provide a reason. They will 
also be advised to carry on with their daily routines as 
usual, and that any interventions received during their 
physiotherapy sessions will be recorded for a descrip-
tive analysis.
Figure 1 Participant flow through the study.
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Outcome
Outcome will be measured using the Neck Disability 
Index (NDI);64 a neck- specific self- reported question-
naire used to assess neck pain- related disability. The NDI 
consists of 10 items of daily activities including personal 
care, lifting, reading, work, driving, sleeping and recre-
ation.64 Each item has five ordinal response options from 
0 (no disability) to 5 (complete disability), producing a 
maximum total score of 50, which can be expressed as 
a percentage (0%–100%). The reliability of NDI and 
validity have been established in individuals with neck 
pain disorders.65
Outcome will be assessed at 6 months for the predic-
tion model.66 Using 6 months as a cut- off for identifying 
outcome is supported by the finding that most individuals 
recover within 3 months of the whiplash injury, with fewer 
recovering after this,11 67 and a plateau after 6 months.68 
To investigate the course of neck pain and disability, 
the NDI scores will additionally be collected at 3 and 6 
months.
Candidate predictors
Due to the current lack of consensus on predictive factors 
of poor outcome, several self- reported and physical 
measures will be collected.9 Factors have been selected 
based on current knowledge of prognosis in whip-
lash2 7 9 11–13 24 31–34 69 and a theoretical association with 
prognosis in individuals with neck pain, as informed by 
the biopsychosocial model of pain.70 These factors are 
also chosen due to being feasible to measure in clinical 
Table 1 Summary of self- reported and physical measures that will be collected
Domain/candidate predictor Data collection instrument
Baseline 
commencing 




6 months, outcome 
assessment point
General patient characteristics including previous musculoskeletal pain
  Gender at birth Male/female ✓
  Education Highest educational level attained ✓
Psychosocial features
  Catastrophising Pain Catastrophizing Scale ✓
  Kinesiophobia Tampa Scale of Kinesiophobia ✓
  Recovery expectation Numeric Rating scales (NRSs) ✓
Injury characteristics
  Disability Neck Disability Index ✓ ✓
Pain characteristics
  Current neck pain intensity NRSs ✓
  Neck pain intensity at the end of neck range of 
motion tasks
NRSs ✓
  Neck pain intensity at the end of maximum 
contraction tasks of craniocervical flexion, neck 
flexion and neck extension
NRSs ✓
  Neck pain intensity at the end of submaximum 
contraction tasks of craniocervical flexion, neck 
flexion and neck extension
NRSs ✓
Physical measures
  Neck range of motion G- Walk (flexion, extension, rotation and 
side flexion)
✓
  Neck angular velocity G- Walk (flexion, extension, rotation and 
side flexion)
✓
  Smoothness of neck movement G- Walk (flexion, extension, rotation and 
side flexion)
✓
  Neck proprioception G- Walk (rotation with eyes closed) ✓
  Maximal and submaximal isometric 
contractions
Dynamometer–evaluation of craniocervical 
flexion, flexion, and extension maximum 
voluntary contraction and control of 
submaximal force
✓
  Coactivation of the sternocleidomastoid and 
splenius capitis
Surface electromyography during physical 
tests described above
✓
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practice. Candidate predictors are summarised in table 1 
with further information available in the online supple-
mental file S1. All data collection will be standardised 
through protocols and clinical report forms
Data collection
Baseline and follow-up
Baseline data including self- reported questionnaires 
and physical assessments will be collected immediately 
following recruitment, at the physiotherapy clinic, by a 
trained assessor within 15 days of injury. Participants 
will be contacted by the same assessor by telephone at 
the University of Malaga (UoM) at 3, 6 and 12 months 
follow- up, in order to complete the NDI, as used 
previously.71
Data management
Participant data privacy will be maintained throughout 
data handling (collection transfer, storage and 
processing) and will comply with data protection require-
ments as set out by the General Data Protection Regu-
lation of the European Union and UK Data Protection 
Act 2018 (figure 2). Participant data will be tracked using 
only study ID numbers. Study ID numbers will be kept 
separate from study research data, which will be acces-
sible only by members of the UoM research team.
Sensitive data management
Some participant data will be sensitive in nature; in partic-
ular consent forms which contain identifiable data, name, 
phone, contact address and study ID numbers. Once each 
participant has completed a consent form in the clinic, it 
will then be sealed in an envelope and temporarily locked 
in a secure drawer at the physiotherapy clinic, with access 
only available to members of the UoM research team. 
Once daily data collection has ended, all sealed envelopes 
containing consent forms collected on that day will be 
physically transferred to the UoM by one of the research 
team and locked in a secure filing cabinet there. Identifi-
able data will be securely stored at UoM for a period of 10 
years, after which they will be destroyed. No identifiable 
data will be transferred outside of the UoM.
Self-reported questionnaires management
Self- reported paper questionnaires, identifiable only by 
study ID number for each participant, will be sealed in 
Figure 2 Process for data management. UoM, University of Malaga; UoB, University of Birmingham.
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another envelope and temporarily locked in a secure 
cabinet at the clinic, separate from the one in which 
consent forms are stored. Sealed envelopes containing 
the pseudonymised self- reported questionnaires will be 
physically transferred to the UoM at the end of each 
data collection day by one of the research team. Once 
transferred, self- reported questionnaires will be scanned 
by one of the research team and saved in a password 
protected laptop computer, owned and managed by 
UoM. Scanned self- reported electronic data will be 
encrypted using a WinRAR Software before transit to 
the University of Birmingham (UoB) (via Power Folder 
data sharing software, hosted locally at the University). 
Once received, this pseudonymised data will be uploaded 
directly to physically secure servers at the UoB, where they 
will remain indefinitely on secure UoB servers with access 
restricted to members of the study team. Once uploaded 
to UoB servers, data will be removed completely from the 
laptop at UoM. The same procedures will be followed for 
follow- up NDI data at 3, 6 and 12 months.
Physical data management
Pseudonymised physical data will be saved in a password 
protected laptop owned and managed by UoM, while 
at the clinic study session. Access to the UoM laptop is 
restricted and only available to the local research team. 
As with other data, pseudonymised electronic data will be 
encrypted using a WinRAR Software, transferred to the 
UoB team, and uploaded to the physically secure servers 
at UoB, where they will remain indefinitely with access 
restricted to study researchers. Again, once data have 
been received by the team at UoB, they will be removed 
from UoM computers.
Data analysis
Numbers of individuals will be recorded that are: poten-
tially eligible, examined for eligibility, confirmed eligible, 
recruited into the study, completing follow- up and anal-
ysed. Loss to follow- up and withdrawals will be reported, 
with reasons where available. Descriptive analyses of 
participants at baseline will include participant demo-
graphics, self- reported questionnaires and physical assess-
ment data.
Linear and logistic regression analysis
Linear regression analysis will be used as the primary 
analysis to develop a linear model to determine the asso-
ciation between candidate predictors and neck pain and 
disability (measured by NDI) at 6 months post injury. 
Linear regression analysis was included as a primary 
analysis to allow for the inclusion of the outcome (NDI) 
without dichotomisation. This approach follows the 
recommendations by PROGRESS series recommending 
of analysing continuous variables on their continuous 
scale,72 as well as to the fact that this approach method 
increases the statistical power and reduces information 
loss.
In addition to the linear regression analysis, logistic 
regression will be included as a secondary analysis to 
identify factors that are associated with poor outcomes. 
Outcome (NDI) scores will be dichotomised into good or 
poor categories with a NDI score of ≥30% at 6 months post 
injury defined as poor outcome, as described previously.
Variable selection
Penalisation (shrinkage) approach will be used to 
avoid overfitting the final prognostic model, given the 
minimum number of events10 per variable will be adopted 
in this study to develop prognostic modes.73
First a full model will be constructed including all base-
line candidate predictors (table 1) with their estimated 
adjusted regression coefficients calculated by standard 
methods. Next, a shrinkage method, a least absolute 
shrinkage and selection operator (LASSO) regression, 
will be used to effectively exclude candidate predictors 
from the final model by shrinking their coefficients to 
exactly zero.74 Candidate predictors with zero coefficients 
will be excluded from the model, leaving the remaining 
candidate predictors with regression confidents of more 
than zero. This approach is in line with the current 
recommendations for variable selection in prognostic 
models to address overfitting.75 Moreover, this approach 
is preferred when a model with fewer predictors is desired 
without affecting the predictive ability of the model, 
making it more applicable in clinical practice.73
Model performance
The predictive performance of the prognostic screening 
tool will be assessed using the established traditional 
measures of overall prognosis, discrimination and cali-
bration.76 Brier score will be used to quantify the overall 
performance of the screening tool where the score 
ranges from 0 (‘perfect model’) to 0.25 (‘not informa-
tive model’).76 The receiver operator characteristic curve 
will be used to discriminate between those who did or did 
not develop chronic whiplash. Finally, the calibration will 
be assessed through plotting the mean predicted against 
observed chronic whiplash cases.
Sample size
This study will consider the association between 16 candi-
date predictors (table 1) and neck pain and disability at 6 
months. The authors will ensure that at least ten partici-
pants per predictor will be used to develop an adequately 
powered linear regression analysis.77 78 Because the 
shrinkage method by LASSO method creates models 
with fewer predictors,73 it is anticipated that the number 
of final predictors retained in the final linear model will 
fall below 12 predictors. Therefore, a sample size target 
of 120 participants is required to adequately powered a 
maximum of 12 candidate predictors into the multiple 
linear regression, with the addition of 30 participants to 
allow for possible loss of follow- up (total=150).
For the sample size of a logistic regression model derived 
following the LASSO shrinkage method, a minimum of 
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5 events per predictor is sufficient as established previ-
ously.73 Based on the current knowledge about the tran-
sition rate from acute to chronic WAD, it is expected 
that 50% of patients will report persistent neck pain 
and disability.11 17 79 This leaves 60 out of our potential 
participants who might develop persistent neck pain and 
disability 6 months post WAD. Therefore, a sample size 
of 60 participants is adequate to power a logistic regres-
sion analysis of 12 candidate predictors with 5 events per 
predictor.
Management of missing data
For each variable of interest, numbers of participants 
with missing data will be reported. Any potential bias 
due to loss of follow- up will be assessed and compared 
using baseline data of subjects who withdraw or lost at 
follow- up.66 Multiple imputation80 will be used to deal 
with missing outcome data, if appropriate and necessary. 
Participants will be excluded from the predictive model 
and subsequent analyses if they request to withdraw from 
the study following recruitment.66
Patients and public involvement
The research question in this study was developed 
following consultations with patients. Patients will not be 
involved in the analysis and data collection of study. The 
results of the study will be presented to members of the 
public and patients during one of our regular Patient and 
public involvement meetings.
Ethics and dissemination
The study will be conducted according to the Declaration 
of Helsinki. The project has been approved by the ethics 
committee of the province of Malaga, Spain, (#30052019). 
The results of the study will be disseminated via reports 
published in peer- reviewed journals and national and 
international conferences. No datasets will be created as 
part of this work for deposition or curation. Participant 
burden has been taken into consideration when devel-
oping this study. The number of measures has been kept 
to a minimum. To ensure the privacy of each patient, a 
unique ID number will be assigned to each participant at 
the time of recruitment. Only pseudonymised or anony-
mised data will be used during analyses. Participants will 
be informed that they can withdraw from the study at any 
time, without having to provide a reason; however, where 
a reason is given, it will be recorded. If a participant with-
draws, no further data will be collected but data already 
collected will be retained for analyses. Baseline character-
istics of any participants that withdraw will be compared 
with retained participants to assess for any differences.
At each data collection session, confirmation to proceed 
will be gained before any data are collected. Any concerns 
and/or adverse events will be noted and fed back to clin-
ical staff, according to the good clinical practice princi-
ples. For ethical reasons, routine treatment will not be 
withheld from individuals at any point during the study. 
The details and frequency of any received treatment will 
be recorded and reported. The protocol and conduct of 
this study are strengthened by the inclusion of patient and 
public involvement, who contributed to the development 
of study design and documentation. In addition, they will 
contribute to the processes of performing data analysis, 
interpretation of results and producing a lay summary of 
findings.
DISCUSSION
This is the first protocol to describe, a priori, the methods 
and analysis for identifying predictive factors for ongoing 
pain and disability following acute whiplash injury. In 
particular, self- reported measures together with novel 
physical measure will be incorporated including angular 
velocity, smoothness of movements, force steadiness and 
neck muscle coactivation to predict poor outcome in indi-
viduals with WAD recruited within 15 days of the injury. 
The selected candidate predictors are included based on 
current knowledge and the possible utilisation in clinical 
practice. The knowledge gained through this study can 
assist in the ID of personalised interventions to facilitate 
recovery and therefore minimise the transition to chronic 
whiplash.
SPIRIT 2013 statement, TRIPOD, PROGRESS, QUIPS 
and CHARMS statements and frameworks have informed 
design to ensure rigorous conduct of this study.54–58 The 
results from this study will provide new insights into who is 
likely to recover versus who is likely to develop persistent 
symptoms following a whiplash injury. Using a novel 
combination of outcome measures will allow the future 
development of a tool to predict development of chronic 
and disabling pain following a whiplash injury providing 
new opportunities to identify precision intervention.
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